BALL MOTION MEASURING APPARATUS 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a motion measuring 
apparatus for a ball such as a golf ball or a tennis ball. More 
particularly, the present invention relates to an apparatus for 
measuring the motion of a ball by utilizing image data obtained 
by a CCD camera. 

2. Description of the Related Art 

When a golf ball is hit with a golf club, it flies with 
a so-called backspin. The backspin is a rotation setting a 
horizontal direction orthogonal to a hitting direction (which 
will be hereinafter referred to as a "z direction") to be an 
axis . A lift acts on the golf ball through the backspin, thereby 
increasing a flight distance of the golf ball. In some cases, 
the golf ball flies with a so-called sidespin. The sidespin 
is a rotation setting a vertical direction (which will be 
hereinafter referred to as a "y direction") to be an axis. The 
golf ball turns left (a draw ball for a right-handed golf player) 
or turns right (a fade ball for the right-handed golf player) 
due to the sidespin. Furthermore, the golf ball sometimes flies 
with a rotation setting a horizontal direction identical to the 
hitting direction (which will be hereinafter referred to as an 
>A x direction") to be an axis. 

A direction of the spin and a rotating speed greatly 
influence the subsequent trajectory of the golf ball . Similarly, 
the flight direction and flight speed of the golf ball greatly 
influence the subsequent trajectory. The measurement of the 
spin, the flight direction and the flight speed is effective 
for diagnosing the swing form of a golf player. Moreover, the 
measurement is also effective for the evaluation of a golf ball 
and a golf club. In a stage in which the golf ball and the golf 
club are developed, the measurement is inevitable. 

Japanese Unexamined Patent Publication No. Hei 3-210282 
(1991/210282) has disclosed an apparatus for photographing a 



flying sphere twice by means of a camera and measuring the flight 
speed of the sphere based on two images thus obtained. In the 
apparatus, the moving distance of the sphere is obtained from 
the two images and is divided by a photographing time interval 
so that the flight speed is calculated. 

Japanese Patent No. 2810320 has disclosed a measuring 
method for photographing a flying golf ball twice at a 
predetermined time interval and calculating a spin rate from 
two images thus obtained. In the measuringmethod, a recognition 
mark put on the surface of the golf ball is read from first and 
second images and a rotating angle from the first image to the 
second image is obtained based thereon. The spin rate is 
calculated by the rotating angle and the photographing time 
interval . 

Japanese Unexamined Patent Publication No. Hei 10-186474 
(1998/18 6474) has disclosed a measuringmethod for photographing 
a flying sphere by means of two cameras in a shifted timing and 
calculating a spin rate, a flight speed and a flight direction 
from two images thus obtained. 

In the case in which the flying golf ball is to be 
photographed by means of a camera, it is necessary to predict 
the position of the golf ball when a predetermined time passes 
after hitting and to determine the position of the camera such 
that the same position is included within a visual field. The 
head speed of a golf club is greatly varied depending on a golf 
player. Moreover, there are various golf clubs from a driver 
(Wl) to a wedge. A head speed and a launch angle are greatly 
varied depending on the type of the golf club. Accordingly, 
the position of the golf ball after a predetermined time passes 
since hitting is considerably changed for each golf player or 
each used club . Therefore, it is not easy to predict the position 
of the golf ball after the predetermined time passes since the 
hitting. Even if the prediction can be carried out, a work for 
often changing the position of the camera is complicated. 

By using a camera having a wide-angle lens (that is, a 
camera having a great angle of view) , the visual field range 
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is increased. Also in the case in which a hitting golf player 
take turns or a golf club to be used is changed, therefore, it 
is not necessary to often change the position of the camera. 

However, a ball in an image obtained by the camera having 
a great angle of view is reduced. Accordingly, in the case in 
which an operator specifies a predetermined point of the ball 
image through an input pen or the like to measure a spin rate, 
there is a problem in that precision in the pointing is 
deteriorated . Moreover, the image obtained by the camera having 
a great angle of view has a considerable distortion in a peripheral 
portion (a portion having a great distance from the center of 
the image) . Therefore, true coordinates are considerably 
shifted from apparent coordinates on the image so that the 
precision in a measured value becomes insufficient in some cases. 
In many cases, furthermore, the ball is not positioned on the 
center of the image in the photographing using the camera having 
a great angle of view. For this reason, the front part of the 
ball cannot be photographed but the ball is photographed in an 
oblique direction. Thus, the true coordinates are considerably 
shifted from apparent coordinates on the image so that precision 
in the measured value becomes insufficient. 

SUMMARY OF THE INVENTION 

In consideration of such problems, it is an object of the 
present invention to provide an apparatus for measuring the 
motion of a ball with high precision. 

In order to achieve the object, the present invention 
provides a ball motion measuring apparatus comprising: 

a CCD camera for photographing a flying ball to obtain 
original image data; 

a calculating section for carrying out amagnif yingprocess 
over a part including a ball image in an original image, thereby 
calculating magnified image data; and 

a display section for displaying a magnified image based 
on the magnified image data. 

In the ball motion measuring apparatus, only a portion 
including the ball image in the original image is magnified and 



displayed on the display section. Accordingly, in the case in 
which an operator is to specify the predetermined point of the 
ball image, precision in pointing is high. Consequently, a 
measured value (such as a spin rate, a flight speed or a flight 
direction) can be obtained with high precision. This process 
will be hereinafter referred to as a "magnifying process". 

In order to achieve the obj ect, moreover, another invention 
provides a ball motion measuring apparatus comprising: 

a CCD camera for photographing a flying ball to obtain 
original image data; and 

a calculating section for correcting a coordinate error 
made by a distortion of an original image which is caused by 
a lens of the CCD camera, thereby calculating correction data. 

In the ball motion measuring apparatus, the shift of 
m apparent coordinates on the original image from true coordinates 
fj is corrected. More specifically, correction data are obtained 
by modifying the distortion in the peripheral portion of the 
original image which is caused by the lens. Accordingly, the 
^ ball motion can be measured with high precision. The correction 
y, will be hereinafter referred to as "distortion correction". 
^ It is preferable that the coordinate error should be 

corrected based on a correction ratio determined by a distance 
f roma center of the original image . Consequently, the precision 
in measurement can further be enhanced. 

In order to achieve the object, moreover, a further 
invention provides a ball motion measuring apparatus comprising : 
a CCD camera for photographing a flying ball to obtain 
original image data; and 

a calculating section for correcting a coordinate error 
made by a shift of a direction of a ball image from a direction 
of an optical axis of the CCD camera, thereby calculating 
correction data. 

Also in the ball motion measuring apparatus, the shift 
of the apparent coordinates on the original image from the true 
coordinates is corrected. Accordingly, the ball motion can be 
measured with high precision. More specifically, the data 
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obtained from the original image can be converted into data 
obtained by photographing the front part of the ball at infinity. 
The correction will be hereinafter referred to as "oblique 
correction" . 

The process or correction is particularly effective for 
measurement to be carried out by means of a camera having a 
horizontal view angle of 10 degrees or more by using a wide-angle 
lens . As a matter of course, also in the case in which a standard 
lens or a telephoto lens is used, an enhancement in the precision 
can be obtained. The "horizontal view angle of 10 degrees" 
implies that a photographic range in a horizontal direction is 
±5 degrees to a forward direction. 

The present invention will be described below in detail 
based on a preferred embodiment with reference to the drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view showing a ball motion measuring 
apparatus according to an embodiment of the present invention, 

Fig. 2 is a front view showing the ball motion measuring 
apparatus in Fig. 1, 

Fig. 3(a) is a front view showing an original image, 

Fig. 3(b) is a front view showing a corrected image, 

Fig. 4 is a view showing a sample image in which a sample 
plate having a lattice pattern is photographed, and 

Fig. 5 is a plan view showing the state of photographing 
carried out by means of a first camera. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A ball motion measuring apparatus shown in Figs. 1 and 
2 serves to measure the motion (a spin rate, a flight speed, 
a launch angle and the like) of a golf ball. The ball motion 
measuring apparatus comprises a tee 3 for mounting a golf ball 
1 thereon, a first camera 5, a second camera 7, a pair of first 
stroboscopes 9, a pair of second stroboscopes 11, a pair of optical 
sensors 13, a CPU 15 to be a calculating section, and a monitor 
17 to be a display section. The first camera 5 and the second 
camera 7 are CCD cameras having a shutter function. The CCD 
camera comprises a wide-angle lens and has a wide photographic 



range (a horizontal view angle of 10 degrees or more) . Usually, 
a camera having a horizontal view angle of 150 degrees or less 
is used. The shutters of the first camera 5 and the second camera 
7 are opened or closed by a control section (not shown) receiving 
a trigger signal which will be described below. 

When the motion of the golf ball 1 is to be measured by 
the ball motion measuring apparatus, the golf ball 1 is first 
mounted on the tee 3 and a golf player 19 swings a golf club 
21 . Consequently, a head 23 passes through a portion just above 
the optical sensor 13. A head speed can be calculated from a 
deviation of the times at which the head 23 passes through the 
portions just above the two optical sensors 13 and 13. By the 
passage of the head 23, the trigger signal is generated from 
the optical sensor 13. 

Then, the head 23 collides with the golf ball 1. The golf 
ball 1 is launched in an obliquely upper right direction in Fig. 
2. After a predetermined time passes since the optical sensor 
13 generates the trigger signal, the shutter of the first camera 
5 is opened. Moreover, the first stroboscope 9 emits light 
synchronously with the opening operation of the shutter. 
Consequently, an original image is photographed by means of the 
first camera 5 . After a predetermined time further passes since 
the first camera 5 carries out the photographic operation, the 
shutter of the second camera 7 is opened. Moreover, the second 
stroboscope 11 emits light synchronously with the opening 
operation of the shutter. Consequently, an original image is 
also photographed by means of the second camera 7. Both of the 
original images are static images. Data on the respective 
original images are sent to the CPU 15. The CPU 15 carries out 
a process which will be described below in detail. 

The positions of the first camera 5 and the second camera 
7 are determined such that the flying golf ball 1 can be 
photographed. The positions of the cameras 5 and 7 are usually 
determined such that the golf ball 1 can be photographed in almost 
the central part of the original image when the golf player 19 
having a average head speed swings the average golf club 21. 
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Consequently, the angles of view of the cameras 5 and 7 are 
increased, and furthermore, the golf ball 1 can be photographed 
on almost all original images even if the golf player 19 takes 
turns or the golf club 21 is changed. The ball motion measuring 
apparatus may be constituted such that a sound sensor for 
detecting a hitting sound is provided to generate a trigger 
signal . 

Fig. 3(a) shows an original image photographed by means 
of the first camera 5. Since the angle of view of the first 
camera 5 is great, a ball image 25 is photographed to be small 
in the original image . Fig. 3(b) shows a magnified image obtained 
by carrying out a magnifying process over the original image 
Q data. The magnifying process serves to magnify a rectangular 
^ portion (a portion including the ball image 25 in the original 
m image) surrounded by a two-dotted chain line in the original 
f l image of Fig. 3(a). The monitor 17 displays the magnified image . 

As shown in Fig. 3(b), a black recognition mark 27 is 
*S provided on the surface of the golf ball 1. The operator points 
1^ the recognition mark 27 on the screen of the monitor 17. An 
hk input pen or the like is used for the pointing. By the pointing, 

i\ a read value is read. Since the ball image 25 is magnified and 
n displayed, a read value error is made during the pointing with 
^ difficulty. Similarly, the original image photographed by 

means of the second camera 7 is also subjected to the magnifying 
process so that a magnified image is displayed on the monitor 
17. Then, the recognition mark 27 is pointed. 

The rotating angle of the golf ball 1 from the photographing 
operation of the first camera 5 to that of the second camera 
7 is obtained from the read values of two magnified images . The 
spin rate of the golf ball 1 is calculated from the rotating 
angle and a time interval from the photographing operation of 
the first camera 5 to that of the second camera 7. Since the 
precision in the pointing is high, data on the spin rate thus 
obtained also have high precision. The launch angle, the flight 
speed and the like may be measured by the pointing. Also in 
this case, the data have high precision by the magnifying process . 
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The original image photographed through the lens generates 
a distortion . In particular , in the case in which a camera having 
a great angle of view is used, the distortion is high. Fig. 
4 shows a sample image 2 9 obtained by photographing a sample 
plate having a lattice pattern through the first camera 5. As 
is apparent from Fig. 4, a square 31 in the vicinity of the center 
of the sample image 29 has a contour shape close to a quadrate 
and the shape of a square 33 in a peripheral portion is changed. 
As a distance from the center of the sample image 29 is increased, 
the degree of the distortion becomes higher. Apparently, an 
error is made between apparent coordinates in the original image 
data and true coordinates when the golf ball 1 is photographed 
by means of the first camera 5. 

The coordinates (true coordinates) in the sample plate 
are grasped in advance . A predetermined point is extracted from 
the sample image 29 (the image shown in Fig. 4) and is subjected 
to the pointing so that an error range between the apparent 
coordinates and the true coordinates can be obtained. Based 
on the error range, a correction ratio is calculated. The 
correction ratio is not uniform but is varied depending on the 
distance from the center of the image. In other words, the 
correction ratio is more increased in a portion closer to the 
periphery. 

Based on the correction ratio, the read value obtained 
from the original image data is subjected to a distortion 
correctingprocess . Consequently, correction data are obtained. 
Similarly, the read value obtained from the original image data 
of the second camera 7 is also subjected to the distortion 
correcting process . Consequently, correction data are obtained . 
The motion of the golf ball 1 can be measured from the two 
correction data with high precision. 

Fig. 5 is a plan view showing a state in which the 
photographing operation of the first camera 5 is carried out. 
In Fig. 5, a line f indicates a direction of an optical axis 
of the first camera 5 and a line s indicates a reference plane. 
The reference plane is extended in an x-y direction. The lines 
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f and s are orthogonal to each other on a reference point O. 
A point P indicates a focal point of a lens, a point Q indicates 
a position of the recognition mark 27 provided on the surface 
of the golf ball 1, and a point R indicates a point obtained 
by projecting the point Q onto the reference plane. The golf 
ball 1 flies in almost the x direction (a right direction in 
Fig. 5) slightly upward. In the original image photographed 
in the state shown in Fig. 5, the direction of the ball image 
seen from the first camera 5 is shifted from the direction of 
the optical axis. The ball image is positioned on the right 
part of the original image. 

A point TO is the center of the golf ball 1. When the 
reference point 0 is an origin, a true x coordinate of the center 
TO is "a". In the original image data, one of ends of the golf 
ball 1 is regarded as a point Tl and the other point is regarded 
as a point T2 . Accordingly, an intermediate point T3 of the 
points Tl and T2 is regarded as the apparent center of the golf 
ball 1. When the reference point 0 is an origin, an x coordinate 
of the apparent center of the golf ball 1 is regarded as "a"'. 
More specifically, an error is made between the apparent 
coordinates in the original image data and the true coordinates 
(assuming that the front part of the golf ball 1 is photographed 
at infinity) . The true x coordinate of "a" can be calculated 
by the following equation: 

a - a' X (L 2 - r 2 ) / L 2 

wherein a distance of a segment PO is represented by L and a 
radius of the golf ball 1 is represented by r. 

Since the golf ball 1 is launched obliquely upward, a y 
coordinate of the center of the golf ball 1 is not zero. A true 
y coordinate of w b" can be calculated by the following equation: 



b = b' X (L 2 - r 2 ) / L 2 



wherein an apparent y coordinate in the original image data 
photographed by means of the first camera 5 is represented by 
"b' " and an actual y coordinate is represented by M b". 

Thus,, the read values (a' and b' ) obtained by the original 
image data are converted into the correction data (a and b) 
obtained by photographing the front part of the ball so that 
true coordinates (a, b, 0) of the center of the golf ball 1 are 
determined . 

A read value obtained from the original image data of the 
second camera 7 is also subjected to oblique correction. The 
flight speed, the launch angle and the like of the golf ball 
1 are measured with high precision from the correction data of 
the first camera 5 and the correction data of the second camera 
7 . In some cases in which the swing track of the golf player 
19 is not straight or a misshot is made, the center of the golf 
ball 1 is shifted from the reference plane. More specifically, 
a z coordinate of the center of the golf ball 1 is not zero in 
some cases . In these cases, it is preferable that the correction 
should be carried out in consideration of a shift in the z direction 
A width of the shift in the z direction can be calculated from 
the size of the ball image in the original image, for example. 

In the case in which it is assumed that the point R has 
coordinates of (u' , v' , 0) and the center TO of the golf ball 
1 is positioned on the optical axis f , the position of the point 
Q is set to be a point Q 0 . Moreover, it is assumed that the 
coordinates of the point Qo are (x 0 , yo, zq) when the center of 
the golf ball 1 is an origin. Moreover, it is assumed that a 
length of a segment PQ is set to be "k" times as great as that 
of a segment PR. The point Qo is provided on a spherical surface . 
Therefore, a relationship expressed by the following equation 
(I) is established. 

X 0 2 + y 0 2 + z 0 2 = r 2 — (I) 

Moreover, since the coordinates of the point Q are (x 0 
+ a, yo + b, zq) / the following equations (II) to (IV) are 
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established. 

x 0 + a - k X u' (II) 

y 0 + b - k X v f (III) 

z 0 - L = -(k X L) (IV) 

Since the values of " and "v' " are read from the original 
image data, the value of "k" is calculated based on the equations 
(I) to (IV) . There are two solutions obtained from a quadratic 
equation for "k". One of the solutions corresponds to a point 
on this side of the reference plane s (closer to the CCD camera 
5) and the other corresponds to an inner point of the reference 
plane s. A point at which the photographing is to be carried 
out is provided on this side of the reference plane s . Therefore , 
one of the two solutions which corresponds to the point on this 
side is employed to be the value of k. The values of x 0 , yo and 
z 0 are determined by the value of k and the equations (II) to 
(IV) . Similarly, the values of x 0 , yo and z 0 are determined by 
the original image data obtained through the second camera 7. 
Based on the correction data, a spin rate can be obtained based 
on vector calculation. Japanese Patent No. 2810320 has 
disclosed a method for vector calculation as an example. Since 
the spin rate is obtained from the correction data after the 
oblique correction is carried out, precision thereof is high. 

While the ball motion measuring apparatus has such a 
structure that a ball image is displayed on the monitor 17 and 
an operator points a display screen to read a value, the value 
may be automatically read through an image processing or the 
like. In case of the automatic reading operation, the monitor 
17 may be omitted. 

While two original images are photographed by means of 
two cameras in the ball motion measuring apparatus, three or 
more cameras may be provided. Moreover, the ball motion 
measuring apparatus may have such a structure that two or more 
ball images can be photographed on the original image 
photographed by means of one camera. 
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While the magnifying correction, the distortion 
correction and the oblique correction can be carried out in the 
ball motion measuring apparatus, the ball motion measuring 
apparatus may have such a structure that any one or two of them 
can be performed. 

[Experiment 1] 
[Experiment Example A] 

A CCD camera having a wide-angle lens was prepared for 
first and second cameras. In the CCD camera, a visual field 
range in a horizontal direction is 250 mm (a horizontal view 
angle of 45.24 degrees) when a distance between a focal point 
P and a reference plane is 300 mm. The positions of both cameras 
are regulated such that a ball image was photographed in almost 
the central part of an original image and a golf ball mounted 
on a tee was hit. The flying golf ball was photographed in a 
shifted timing by means of two cameras so that two original images 
were obtained. The original images were displayed on a monitor 
and a flight speed, a launch angle, a backspin rate and a sidespin 
rate of the golf ball were calculated through an operation for 
pointing a recognition mark by an operator. The pointing 
operation and the calculation were repeated ten times to obtain 
a variation (4 x o ) . 

[Experiment Example B] 

Original image data obtained in the experiment example 
A were subjected to a magnifying process having a double 
magnification ratio so that a magnified image was obtained. 
Based on the magnified image, the same pointing operation and 
calculation as those in the experiment example A were repeated 
ten times. Thus, a variation (4 x a ) was obtained. 
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Table 1 Result of Experiment 1 



Experiment 
Example A 



Experiment 
Example B 



Type of lens 
Magnifying 

correction ratio 
Distortion correction 
Oblique correction 
Position of ball image 
in original image 
First camera 
Second camera 
Variation 

Flight speed (m/s) 
Launch angle (deg.) 
Backspin rate (rpm) 
Sidespin rate (rpm) 



Wide angle 
No 

No 
No 



Center 
Center 

0.18 
0.31 

180 
168 



Wide angle 
x 2 

No 
No 



Center 
Center 

0.11 
0.15 



84 



In the Table 1, a measured value has a smaller variation 
in the experiment example B than that in the experiment example 
A. Consequently, it is apparent that precision in measurement 
can be enhanced by the magnifying process. 

[Experiment 2] 
[Experiment Example C] 

The same first and second cameras as those in the experiment 
example A were prepared. The position of the first camera was 
regulated such that a ball image can be photographed on the lower 
left part of an original image and the position of the second 
camera was regulated such that a ball image can be photographed 
on the upper right part of the original image. Then, a flying 
golf ball was photographed by means of the two cameras in a shifted 



13 



timing . An original image thus obtained was subj ected to a double 
magnifying process. Thus, two magnified images were obtained. 
The magnified images were displayed on a monitor so that a read 
value was obtained through an operation for pointing a 
recognition mark by an operator. A flight speed and a launch 
angle of the golf ball were calculated from the read value. The 
pointing operation and the calculation were repeated ten times. 
Thus, a mean value was obtained. 

[Experiment Example D] 

The read value obtained by the pointing operation according 
to the experiment example C was subjected to oblique correction 
so that correction data were obtained. A mean value of each 
of a flight speed and a launch angle was obtained from the 
correction data. 

[Experiment Example E] 

The read value obtained by the pointing operation according 
to the experiment example C was subjected to distortion 
correction so that correction data were obtained. A mean value 
of each of a flight speed and a launch angle was obtained from 
the correction data. 

[Experiment Example F] 

The read value obtainedby the pointing operation according 
to the experiment example C was subjected to oblique correction 
and distortion correction so that correction data were obtained. 
A mean value of each of a flight speed and a launch angle was 
obtained from the correction data. 

[Reference Example] 

A first sensor through which a laser beam passes vertically 
was provided in almost the same position as the position of the 
ball image of a first camera. Moreover, a second sensor through 
which a laser beam passes vertically was provided in almost the 
same position as the position of the ball image of a second camera . 
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A time required for the passage of a golf ball from the first 
sensor to the second sensor was measured to obtain a flight speed. 
The flight speed approximates to a true value. Moreover, a line 
sensor through which a laser beam passes horizontally was 
provided ahead of the ball image of the second camera in the 
direction of flight. A launch angle was calculated based on 
a height of the golf ball passing through the line sensor and 
a height of the golf ball mounted on a tee. The launch angle 
approximates to a true value. 



Table 2 



Result of Experiment 2 







Ex. C 


Ex. D 


Ex. E 


Ex. F 


Ref. Ex. 


01 












(true value) 




Type of lens 


Wide 


Wide 


Wide 


Wide 








angle 


angle 


angle 


angle 




Si 

H 5 

jjs& 


Magnifying 

correction ratio 


x 2 


x 2 


x 2 


x 2 


Measurement 
by 




Distortion correction 


No 


No 


Yes 


Yes 


laser sensor 




Oblique correction 


No 


Yes 


No 


Yes 






Position of ball image 
in original image 














First camera 


Lower 


Lower 


Lower 


Lower 








left 


left 


left 


left 






Second camera 


Upper 


Upper 


Upper 


Upper 








right 


right 


right 


right 






Flight speed (m/s) 


56.5 


56.3 


58 .0 


57 . 8 


57 . 8 




Launch angle (deg.) 


11.2 


11.2 


12.1 


12.1 


12.1 
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From the Table 2, it is apparent that the measured value 
approximates to a true value by the distortion correction. 

[Experiment 3] 

[Experiment Example G] 

An XY table was prepared and provided on a reference plane 
s. Two golf balls were fixed to the XY table. The positional 
relationship between the two golf balls (the relationship 
including a backspin) was set to be almost equivalent to that 
between two ball images in the case in which photographing was 
carried out twice in a shifted timing from the trajectory of 
the hit golf ball. On the other hand, the same first and second 
cameras as those in the experiment example A were prepared. The 
position of the first camera was regulated such that one of the 
golf balls can be photographed on the center of an original image 
and the position of the second camera was regulated such that 
the other golf ball can be photographed on the left part of the 
original image. Then, two original images obtained by the 
respective cameras were subjected to a magnifying process 

(double) . Thus, two magnified images were obtained. The 
magnified images were displayed on a monitor so that a read value 
was obtained through an operation for pointing a recognition 
mark by an operator. The read value was subjected to distortion 
correction so that correction data were obtained. A backspin 
rate and a sidespin rate were calculated from the correction 
data. The pointing operation and the calculation were repeated 
ten times. Thus, a mean value was obtained. 

[Experiment Example H] 

A mean value of each of a backspin rate and a sidespin 
rate was calculated in the same manner as in the experiment example 
G except that distortion correction and oblique correction were 
carried out to obtain correction data. 

[Experiment Example 1] 

A mean value of each of a backspin rate and a sidespin 
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rate was calculated in the same manner as in the experiment example 
G except that the other golf ball was moved without a rotation 
over an XY table and was photographed on the right part of an 
original image . 

[Experiment Example J] 

A mean value of each of a backspin rate and a sidespin 
rate was calculated in the same manner as in the experiment example 
I except that distortion correction and oblique correction were 
carried out to obtain correction data. 

[Experiment Example K] 

A CCD camera having a telephoto lens was prepared for first 
and second cameras. The telephoto lens has a visual field range 
of 60 mm with a distance between a focal point P and a reference 
plane of 2300 mm. A golf ball put on an XY table was moved without 
a rotation and a position was regulated such that a ball image 
can be photographed on almost the center of an original image. 
Two original images obtained by the respective cameras were not 
subjected to correction but displayed on a monitor. The ball 
images thus displayed were sufficiently large . A backspin rate 
and a sidespin rate were calculated through an operation for 
pointing a recognition mark by an operator . The pointing 
operation and the calculation were repeated ten times so that 
a mean value was obtained. The backspin rate and sidespin rate 
thus obtained approximate to true values. 
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Table 3 



Result of Experiment 3 



Ex. G 



Ex. H 



Ex. I 



Ex. J 



Ex. K 



Type of lens 

Magnifying 

correction ratio 
Distortion correction 
Oblique correction 
Position of ball image 

in original image 
First camera 
Second camera 
Backspin rate (rpm) 
Sidespin rate (rpm) 



Wide 
angle 
x 2 

Yes 
No 



Wide 
angle 
x 2 

Yes 
Yes 



Center Center 
Left Left 



2183 
781 



2410 
103 



Wide 
angle 
x 2 

Yes 
No 



Center 
Right 
3243 
-2323 



Wide 
angle 
x 2 

Yes 
Yes 



Center 
Right 
2399 
126 



Telephoto 

No 

No 
No 



Center 
Center 
2420 
140 



From the Table 3, it is apparent that the measured value 
approximates to a true value through oblique correction also 
in the case in which the wide-angle lens is used. 

While the ball motion measuring apparatus according to 
the present invention has been described by taking the golf ball 
as an example, the present invention can be used for measuring 
all balls such as a tennis ball. 
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